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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate for a 
semiconductor device which is suitable for growing a 
crystal layer such as another semiconductor layer and a 
ferroelectric substance layer via an insulating layer on a 
semiconductor layer and is capable of sufficiently 

improving the characteristic of electric insulation with a , 

silicon substrate which is a basis thereof and a : I c y£>'-$t&ft : 

manufacturing method therefor in a stage for T " tt^iQg " 

manufacturing the semiconductor device. 

SOLUTION: The substrate for the semiconductor device f 
is constituted of the crystalline silicon substrate 1, an % 

insulating silicon compd. 2 provided on the silicon V ;:: 

substrate and a crystalline insulating layer 3 provided on 
the insulating silicon compd. layer, To obtain this, a 
metal constituting the crystalline insulating layer is 
scattered from a target to form a film on the silicon 
substrate, and simultaneously, the metal is combined 
with a reactive gas around the silicon substrate to grow 
the crystal layer of a crystalline insulating material, the 

voltage is applied to the substrate to attract ions of the reactive gas around the substrate to 
the surface of the substrate and to be combined with silicon, thereby the insulating silicon 
compd. layer is formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The substrate for semiconductor devices which consists of a crystalline silicon substrate, an 
insulating silicon compound layer prepared on this silicon substrate, and a crystalline insulating layer 
prepared on this insulating silicon compound layer. 

[Claim 2] The aforementioned crystalline insulating layer is YSZ, aluminum 203, Ce02, and MgO and 
Zr02. Substrate for semiconductor devices according to claim 1 which it becomes from at least one sort 
chosen from the becoming group, and the aforementioned insulating silicon compound layer becomes 
from at least one sort chosen from the silicon oxide, the silicon nitride, and the silicon oxidization 
nitride. 

[Claim 3] The process of the substrate for semiconductor devices characterized by forming an insulating 
silicon compound layer by combining this metal with the reactant gas around the aforementioned silicon 
substrate, growing up the crystal layer of a crystalline insulator, impressing voltage to the 
aforementioned substrate, drawing near to this substrate front face the ion of the reactant gas of the 
aforementioned circumference of a substrate, and making it combine with silicon while dispersing from 
a target the metal which constitutes a crystalline insulating layer and forming membranes on a silicon 
substrate. 

[Claim 4] The process according to claim 3 which grows the crystal layer of the aforementioned 
crystalline insulator by making the inert gas supplied in this equipment discharge while supplying the 
aforementioned reactant gas in the aforementioned equipment so that the aforementioned silicon 
substrate and a target may be made to counter, it may arrange in a reactant sputtering system and it may 
increase on aforementioned the outskirts of a substrate few on aforementioned the outskirts of a target. 
[Claim 5] The process according to claim 3 or 4 whose aforementioned insulating silicon compound the 
aforementioned reactant gas is oxygen in the compound target or alloy target with which the 
aforementioned target consists of a zirconium and an yttrium, and the aforementioned crystalline 
insulating layer is a silicon oxide in YSZ. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a SOI substrate, the substrate 
for the semiconductor devices which were suitable for carrying out the crystal growth of a 
semiconductor layer or the ferroelectric layer through an insulating layer on a silicon substrate like the 
MFS structure (metal membrane-ferroelectric film-semiconductor layer structure) FET, and its process. 
In more detail, it is related with the substrate for the semiconductor devices with which a crystalline 
insulating layer is prepared through the outstanding insulating insulating layer on a silicon substrate, and 
its process so that a semiconducting-crystal layer and a ferroelectric-crystal layer can be grown up. 
[0002] 

[Description of the Prior Art] The method of embedding an insulating layer into a semiconductor 
substrate is learned by making two silicon substrates in which the oxide film was formed, for example 
rival as a SOI substrate which forms a semiconducting-crystal layer on the former, for example, an 
insulating layer, grinding one substrate, driving oxygen etc. into the fixed depth with an ion implantation 
from the method of leaving a thin semiconductor layer, and the front face of a silicon substrate, and 
performing annealing processing. 

[0003] On the other hand, with the semiconductor memory equipment using a ferroelectric layer, the 
laminating of the ferroelectric layer is carried out to front faces, such as electrode metals, such as 
platinum, through a semiconductor layer top or an insulator layer. With the MFS structure which carries 
out the laminating of the ferroelectric layer on a semiconductor layer, between a ferroelectric layer and a 
semiconductor layer, an oxide film arises, crystallinity and morphology deteriorate or the interface level 
density between a ferroelectric layer and a semiconductor layer becomes large. Moreover, even if it 
carries out the laminating of the ferroelectric layer on an insulator layer, the crystalline outstanding 
ferroelectric layer cannot be grown up on an amorphous insulator layer. 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, although there may be the need of 
growing a semiconductor layer, a crystalline dielectric layer, etc. epitaxially through an insulating layer 
on a semiconductor substrate, in the manufacturing process of a semiconductor device, an insulating 
layer cannot become amorphous and cannot carry out the laminating of the direct crystalline layer to the 
front face. 

[0005] moreover - the method of grinding one silicon layer by the above-mentioned cladding, and 
making it thin — a silicon layer — the shape of a thin layer - and while it is very difficult to make it 
remain uniformly and work comes out very much, the beautiful crystal face cannot appear easily 
Furthermore, the method of driving oxygen etc. into the surface section of a semiconductor substrate 
also has remarkable degradation of the front face of the semiconductor layer by ion implantation, and a 
beautiful crystal front face is not obtained. Consequently, the problem that the crystal layer which 
carries out a laminating is also inferior in crystallinity is on it. 

[0006] On the other hand, this invention persons invented the method of growing a YSZ thin film 
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epitaxially on a silicon substrate, and announced to Shingaku Giho (ED 96-42 and CPM96-May, 1996 
[ 27 or ]). By this method, a crystalline insulating layer is obtained on a silicon substrate, and a 
semiconductor layer and a ferroelectric layer can be grown epitaxially on the front face. However, the 
YSZ thin film prepared on a silicon substrate has movement of ion by the crystalline metallic oxide, is 
inferior to electric insulation from a silicon oxide or a silicon nitride, and has the problem that an 
electrical property falls a little. 

[0007] It aims at offering the substrate for the semiconductor devices which can fully raise an electric 
insulating property with the silicon substrate which was made in order that this invention might solve 
such a problem, is the manufacturing process of a semiconductor device, and is suitable for growing up 
crystal layers, such as other semiconductor layers, ferroelectric layers, etc., through an insulating layer 
on a semiconductor layer, and serves as the base, and its process. 
[0008] 

[Means for Solving the Problem] The substrate for semiconductor devices by this invention consists of 
the crystalline silicon substrate, an insulating silicon compound layer prepared on this silicon substrate, 
and a crystalline insulating layer prepared on this insulating silicon compound layer. 
[0009] What is prepared on [ when the substrate for semiconductor devices means the base which can 
carry out the laminating of a crystalline semiconductor layer and a crystalline dielectric layer here, the 
thing used as the perfect base of a semiconductor device is not meant and an insulating silicon 
compound layer and a crystalline insulating layer are prepared in some semiconductor devices ] the 
semiconductor layer by which a laminating is carried out is included. 

[0010] If the aforementioned crystalline insulating layer consists of at least one sort chosen from YSZ 
(yttria stabilized zirconia), aluminum 203 (sapphire), Ce02 (Seria), and the group that consists of MgO 
(magnesia) and Zr02 (zirconia) and the aforementioned insulating silicon compound layer consists of at 
least one sort chosen from the silicon oxide, the silicon nitride, and the silicon oxidization nitride, the 
outstanding substrate for semiconductor devices especially insulating and crystalline will be obtained. 
[001 1] The process of the substrate for semiconductor devices of this invention is characterized by to 
form an insulating silicon compound layer by combining this metal with the reactant gas around the 
aforementioned silicon substrate, growing up the crystal layer of a crystalline insulator, impressing 
voltage to the aforementioned substrate, drawing near to this substrate front face the ion of the reactant 
gas of the aforementioned circumference of a substrate, and making it combine with silicon while it 
disperses from a target the metal which constitutes a crystalline insulating layer and forms membranes 
on a silicon substrate. The substrate which consists of a crystalline insulating layer through an 
amorphous insulating layer on a silicon crystal layer by this method is obtained. 

[0012] Specifically, in a reactant sputtering system, the aforementioned silicon substrate and a target are 
made to counter, and it arranges, and while supplying the aforementioned reactant gas in the 
aforementioned equipment so that it may increase on aforementioned the outskirts of a substrate few on 
aforementioned the outskirts of a target, it is obtained by growing up the crystal layer of the 
aforementioned crystalline insulator by making the inert gas supplied in this equipment discharge. Still 
more specifically, it is the compound target or alloy target with which the aforementioned target consists 
of a zirconium (Zr) and an yttrium (Y), and the aforementioned reactant gas is oxygen, the 
aforementioned crystalline insulating layer is YSZ, and the aforementioned insulating silicon compound 
can form with a silicon oxide. 
[0013] 

[Embodiments of the Invention] Next, the substrate for semiconductor devices of this invention and its 
process are explained, referring to a drawing. 

[0014] As the substrate for semiconductor devices of this invention is shown in drawing 1 , the 
insulating silicon compound layer 2 which was excellent in electric insulating properties, such as a 
silicon oxide, is formed between a silicon substrate 1 and the crystalline insulating layers 3, such as YSZ 
prepared on it. 

[0015] By a silicon substrate 1 consisting of a silicon-single-crystal layer, as for the conductivity type, n 
form layer, p form layer, or n form field and p form field was formed, the semiconductor circuit could be 
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formed, and the whole surface or the thing which grew epitaxially partially is further sufficient as a 
silicon semiconductor layer on other semiconductor layers etc. 

[0016] what is a metaled oxide, for example and can form the crystal structure as a crystalline insulating 
layer (single crystal insulating layer) 3 uses — having — YSZ, aluminum 203, Ce02, MgO, and Zr02 
etc. — if it can combine making it oxidize on a substrate, carrying out fluoride, or making it nitride etc. 
with a metal, making a metal adhere, the crystal structure of metallic compounds will be acquired 
Moreover, although it changes with uses, as long as it becomes the thickness a ground for usually 
growing up other semiconductor layers and crystalline dielectric layers and there is about 5-20nm, it is 
enough and may be formed in the thickness of about 0.5-1 micrometer according to a use. 
[0017] moreover — as the insulating silicon compound 2 — Si02 etc. — a silicon oxide and Si 3N4 etc. — 
silicon oxidization nitrides, such as a silicon nitride and SiON, etc. are used These compounds combine 
oxygen and nitrogen which penetrate the crystalline insulating layer 3, and the silicon of a substrate, 
growing up the crystalline insulating layer 3 so that it may mention later, and are restrained by the 
compound with the material which penetrates the crystalline insulating layer 3. Although the thickness 
of this insulating silicon compound layer 2 is determined by the pressure-proofing too needed by the 
use, it is usually formed in the thickness of about 10-60nm. 

[0018] According to the substrate for semiconductor devices of this invention, the single crystal 
insulating layer is prepared through the amorphous insulator layer on the silicon substrate. Therefore, the 
front face has the crystal structure and can grow a semiconductor layer and a single crystal dielectric 
layer epitaxially further on the front face. Furthermore, since the amorphous insulator layer which 
consists of a silicon compound is formed between the single crystal insulating layer and the silicon 
crystal layer, the insulating property is very excellent and the electric insulation with the layer prepared 
in the front face of a crystalline insulating layer and the silicon substrate under it is kept very high. That 
is, although single crystal insulating layers are a little inferior in an insulating property when movement 
of ion may take place since they are metallic compounds, such as a metallic oxide, as mentioned above, 
an electrical property with very good silicon oxide and silicon nitride is acquired. Consequently, it can 
consider as a SOI substrate, or on the silicon crystal layer in which the semiconductor circuit was 
formed, formation of a semiconductor layer can be further repeated through an insulating layer, and a 
circuit can also be formed in three dimensions, and crystalline dielectric layers, such as a ferroelectric, 
can be formed by the beautiful crystal structure, and the semiconductor memory equipment of a high 
property can be formed. 

[0019] Next, the example which grows the crystal of YSZ through a silicon oxide about the process of 
the substrate for semiconductor devices of this invention on a silicon substrate explains. Drawing 2 is 
the schematic diagram of the reactant sputtering system for epitaxial growth of an example of the 
equipment used for the process. 

[0020] First, the substrate 1 which a diameter becomes from the silicon semiconducting-crystal layer 
which is 1 inch is attached in the substrate installation base 12 in the vacuum chamber 1 1 of SUPPATA 
equipment, and a target 4 is fixed to the substrate installation base 12 and the target maintenance base 13 
established in the position which counters, a target — four — for example, — drawing 3 — being shown — 
having — as — a diameter — D — 100 — mm — about — thickness — five — mm — about — it is — Zr — a 
board — 41 ~ one — a side — A — ten — mm — about — a four way type — it is — thickness — one — mm - 
- about — it is — an yttrium — (— Y — ) — a board — 42 — a circumferencial direction — six — a piece — 
about — it is prepared, and passing the metal which carries out a spatter through opening 14a, a target 4 
is exposed to oxygen atmosphere and the collimator with which the circumference of a target 4 has 
covering 14 or the equivalent effect that opening 14a whose diameter is about 20mm was prepared in the 
transverse plane does not oxidize - it is made like An electrode 15 is contacted and formed in this target 
maintenance base 13, and the 1st power supply 16 is connected to it so that plasma electric discharge 
may be carried out within the vacuum chamber 11, and an electrode 15 side may serve as negative 
between an electrode 15 and a ground. The pipe 17 for gas introduction is formed in the unilateral wall 
of the vacuum chamber 11, and it is Ar and 02. It is supplied in the vacuum chamber 1 1 and the gas 
exhaust port 18 is formed in other side attachment walls of the vacuum chamber 11. Furthermore, with 
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this equipment, between the substrate installation base 12 and the ground, the 2nd power supply 19 for 
drawing oxygen ion to a substrate 1 side, and carrying out anodic oxidation of the substrate 1 is formed 
for the substrate installation base 12 side so that it may just become. In addition, the solenoid coil for 20 
making a target front face generate a magnetic field and 21 are the solenoid coils for forcing the 
magnetic field on a target front face. 

[0021] With this equipment, the silicon substrate 1 was attached in the substrate installation base 12, and 
it installed so that distance with a target 4 might be set to 72mm. Performing 80W for electric discharge 
power, and growing [ make oxygen flow rate 02/(Ar+02) into 5.8% as introductory gas being fixed in 
Ar gas pressure at for example, 10mTorr(s), ] YSZ epitaxially at 600-800 degrees C in substrate 
temperature, about [ 50V ] positive voltage was impressed to the substrate side by the 2nd power supply 
19, and anodic oxidation was carried out. Consequently, the crystal layer of YSZ grows at 40nm a rate 
for /, and it is Si02 between a substrate and a YSZ crystal layer. The layer was formed at a rate which is 
about lnm/minute. These YSZ crystal layer and Si02 The relation of thickness with a layer will be Si02 
if applied voltage by the 2nd power supply 19 is made low. It is Si02 by a layer's becoming thin, and the 
rate's becoming small, and making voltage of the 2nd power supply 19 high conversely. The rate of a 
layer can be enlarged. Moreover, by making high electric discharge power (voltage of the 1st power 
supply 16), a YSZ crystal layer can be thickened, the rate becomes large and the rate of a YSZ crystal 
layer can be made small by making it low conversely. This electric discharge power can change applied 
voltage in about 300-500V, and the voltage (the 2nd power supply 19) of anodic oxidation can be 
changed in about 20-100V. Therefore, each layer thickness can be grown up into desired thickness. 
[0022] As mentioned above, the process of this invention forms a silicon compound in a substrate front 
face, making a metal react with the reactant gas of the circumference of a substrate, and forming 
crystalline insulating layers, such as an oxide, while it disperses from a target the metal which 
constitutes a crystalline insulating layer and growing up it on a substrate. That is, as mentioned above, 
this invention persons are Shingaku Giho ED No. 42 [ 96 to ], and they are indicating the method of 
growing a YSZ thin film epitaxially by the big rate of sedimentation on a silicon substrate by making it 
oxidize at the time of growth, making it grow up in metal mode, as a target is not oxidized. Si02 which 
was excellent in the electric insulating property between crystalline insulating layers, such as YSZ, and 
the silicon crystal layer by impressing voltage to a silicon substrate, drawing ION **, such as oxygen 
ion, and making it combine with silicon while this invention uses the property in which crystalline 
insulating layers, such as this YSZ thin film, make oxygen ion etc. penetrate and grows crystalline 
insulating layers, such as a YSZ thin film, epitaxially etc. — the insulator layer which consists of a 
silicon compound is formed in addition, Si02 etc. — formation of an insulator layer can be shifted in 
time with a crystalline insulating layer, and can also be formed Consequently, the substrate for 
semiconductor devices which consists of a crystalline silicon substrate, an insulating silicon compound 
layer prepared on this silicon substrate, and a crystalline insulating layer prepared on this insulating 
silicon compound layer is obtained. 

[0023] Since the crystalline insulating layer is deposited on the front face of the single crystal of silicon 
with the metal mode in the state where a target does not combine according to the process of this 
invention, the insulating layer which was excellent in the crystal structure can be grown up easily. 
Furthermore, since a crystalline insulating layer forms the insulator layer which consists of a silicon 
compound on the surface of silicon in the state where it was formed in the front face, an amorphous 
insulator layer can be formed in the interface, without spoiling the crystallinity of a crystalline insulator 
layer. And since a crystalline insulating layer and a silicon compound can be formed almost 
simultaneous, it can form in a short time. 

[0024] Although covered with the covering 14 which has opening 14a for the circumference of a target 4 
by the above-mentioned sputtering system, it is because an oxide can disperse, membrane formation by 
metal mode cannot be carried out, if, as for this, a target 4 oxidizes by the oxygen of reactant gas, a 
crystal growth cannot be carried out but it becomes amorphous, and if oxidization of a target 4 can be 
prevented, such covering 14 is unnecessary. That is, in the above-mentioned example, the crystal of a 
metallic oxide is grown up by making it oxidize with the oxygen of atmosphere using metaled activation 
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at the same time it carries out the spatter of the metal and adheres to a substrate front face. Therefore, the 
partial pressure of reactant gas, such as oxygen tension by the side of a target 4, may be made very low, 
and the partial pressure of the reactant gas only by the side of a substrate 1 may be made high by 
spraying reactant gas, such as oxygen, on a substrate 1 side etc. without forming covering. 
[0025] It is Ce02 by making it oxidize on a substrate front face, using Ce for a target and forming low 
metal mode of oxygen tension similarly, although Zr and Y were used for the target and the crystal layer 
of YSZ was grown up in the above-mentioned example. A crystal layer can be grown up. Furthermore, it 
is aluminum 203 similarly by using aluminum for a target. It is MgO and Zr02 by being able to grow 
up a crystal layer and using Mg and Zr for a target. A crystal layer can be grown up. Moreover, the 
insulating crystal layer which consists the atmosphere on the front face of a substrate of a compound 
with a metal, a fluorine, or nitrogen by spraying not oxygen but a fluorine and nitrogen is obtained. 
[0026] Furthermore, although oxygen ion was drawn, and the insulating layer between an insulating 
crystal layer and a silicon substrate was oxidized with silicon and used as the silicon oxide in the above- 
mentioned example, by drawing and combining nitrogen ion, for example, it can also consider as a 
silicon nitride, and both oxygen ion and nitrogen ion can be drawn, and the layer of a silicon oxidization 
nitride can also be formed. 

[0027] Furthermore, in the above-mentioned example, although the crystalline insulating layer was 
grown up by sputtering, if it is made to combine in case it adheres to a substrate front face without 
making it combine with a target, it can manufacture similarly by other methods, such as laser ablation 
and reactant vacuum evaporationo. 
[0028] 

[Effect of the Invention] Since the structure where a crystalline insulating layer is prepared through the 
amorphous insulator layer which consists of a silicon compound which was excellent in the insulating 
property on a silicon crystal layer is acquired according to this invention, other semiconductor layers and 
crystalline dielectric layers can be grown epitaxially on the front face, a three-dimensional 
semiconductor device, a compound semiconductor device, highly efficient semiconductor memory 
equipment, etc. can be formed in it, and the new semiconductor device integrated highly can be obtained 
cheaply. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART _____ — 

[Description of the Prior Art] The method of embedding an insulating layer into a semiconductor 
substrate is learned by making two silicon substrates in which the oxide film was formed, for example 
rival as a SOI substrate which forms a semiconducting-crystal layer on the former, for example, an 
insulating layer, grinding one substrate, driving oxygen etc. into the fixed depth with an ion implantation 
from the method of leaving a thin semiconductor layer, and the front face of a silicon substrate, and 
performing annealing processing. 

[0003] On the other hand, with the semiconductor memory equipment using a ferroelectric layer, the 
laminating of the ferroelectric layer is carried out to front faces, such as electrode metals, such as 
platinum, through a semiconductor layer top or an insulator layer. With the MFS structure which carries 
out the laminating of the ferroelectric layer on a semiconductor layer, between a ferroelectric layer and a 
semiconductor layer, an oxide film arises, crystallinity and morphology deteriorate or the interface level 
density between a ferroelectric layer and a semiconductor layer becomes large. Moreover, even if it 
carries out the laminating of the ferroelectric layer on an insulator layer, the crystalline outstanding 
ferroelectric layer cannot be grown up on an amorphous insulator layer. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is cross-section explanatory drawing showing the laminated structure of the substrate for 
semiconductor devices of this invention. 

[Drawing 21 It is the schematic diagram of an example of the sputtering system for obtaining the 
laminated structure of this invention. 

[Drawing 31 It is drawing showing an example of the target used with the equipment of drawing 2 . 
[Description of Notations] 

1 Silicon Substrate 

2 Insulating Silicon Compound 

3 Crystalline Insulating Layer 

4 Target 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is cross-section explanatory drawing showing the laminated structure of the substrate for 
semiconductor devices of this invention. 

[Drawing 21 It is the schematic diagram of an example of the sputtering system for obtaining the 
laminated structure of this invention. 

[Drawing 3] It is drawing showing an example of the target used with the equipment of drawing 2 . 
[Description of Notations] 

1 Silicon Substrate 

2 Insulating Silicon Compound 

3 Crystalline Insulating Layer 

4 Target 
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